The purpose of this study was to determine whether the free cholesterol of hypercholesterolemlc low density llpoproteln from cholesterol-fed nonhuman primates has a greater potential for surface transfer to cell membranes than does the free cholesterol of normal low density llpoproteln. The low density lipoproteins were isolated from normal and hypercholesterolemic rhesus and cynomolgus monkeys, incubated with membranes from Acholepla$ma laldlawll, a mycoplasma species devoid of cholesterol in its membranes, and the mass transfer of free cholesterol determined by measuring membrane cholesterol content. Since these membranes neither synthesize nor esterlfy cholesterol, nor degrade the protein or cholesteryl ester moieties of low density lipoproteln, they are an Ideal model with which to study differences in the cholesterol transfer potential of low density llpoprotein Independent of the uptake of the intact low density llpoprotein particle. When added at an equivalent particle concentration, there was greater enrichment of membranes with free cholesterol from hypercholesterolemic low density llpoprotein. Hypercholesterolemic low density lipoproteln, however, contains more cholesterol per particle than normal low density llpoprotein; yet calculations on the basis of equivalent free cholesterol content showed no difference In either the rate or extent of free cholesterol transfer from normal or hypercholesterolemic low density llpoprotein. This was true for the transfer of at least 90% of the free cholesterol from both llpoprotelns. These studies Indicate that, even though there are marked differences In the cholesterol composition of normal and hypercholesterolemic low density llpoprotelns, this does not result In a greater chemical potential for surface transfer of free cholesterol. Consequently, if a difference In the surface transfer of free cholesterol Is responsible for the enhanced ability of hypercholesterolemic low density llpoproteln to promote cellular cholesterol accumulation and, perhaps, also atherosclerosis, It must be the result of differences In the interaction of the hypercholesterolemic low density llpoproteln with the more complicated mammalian cell membranes, rather than differences In the chemical potential for cholesterol transfer. (Arteriosclerosis
I n a number of nonhuman primate species, the consumption of dietary cholesterol results in a variable degree of hypercholesterolemia. Greater than 80% of the excess plasma cholesterol in these animals is transported in the low density lipoprotein (LDL) fraction, 1.019 < d < 1.063 g/ml. 1 " 3 This is caused by an increase in the number of LDL particles as well as a change in the composition of the LDL as seen by an increase in particle size or molecular weight. 1 " 3 The increased LDL molecular weight is the result of an increase in the cholesterol content of each LDL particle. Previous studies 4 have indicated that this large molecular weight hypercholesterol-emic LDL is 2 to 3 times more atherogenic than is the same amount of normal LDL.
In an attempt to determine the mechanism of this enhanced atherogenicity, we have studied the ability of hypercholesterolemic LDL to promote cholesterol accumulation in arterial smooth muscle cells and skin fibroblasts in culture. These studies have indicated that hypercholesterolemic LDL is about twice as effective as normal LDL in stimulating cholesterol accumulation and esterification. 5 " 7 This difference cannot be accounted for by differences in the binding, internalization, or metabolism of the hypercholesterolemic LDL. 67 This suggested that mechanisms other than the uptake and metabolism of the intact LDL particle were responsible for the enhanced delivery of cholesterol to these cells, and perhaps also for the enhanced atherogenicity of these abnormal LDL.
One possible mechanism for the transfer of cholesterol into cells independent of the uptake of the intact LDL particle is via surface transfer of free cholesterol (unesterified cholesterol) from LDL to the plasma membrane of the cell, enriching these membranes with free cholesterol. In turn, a cholesterol molecule could be transferred from the plasma membrane to membranes of the endoplasmic reticulum where it would be esterified and stored by the cell. Esterification would maintain the concentration gradient of free cholesterol and would result in the net influx of cholesterol without uptake of the entire LDL particle. Such a process of surface transfer of free cholesterol, resulting in a net accumulation of cholesterol within the cells in culture, has been shown to occur with HDL that has been enriched with cholesterol by incubation with cholesterol-rich phospholipid vesicles. 8 Consequently, we postulated that the free cholesterol of the abnormal hypercholesterolemic LDL might have a greater potential for surface transfer than would the cholesterol from normal LDL.
Because of the problem of exchange, surface transfer is difficult to measure in cell membranes that contain cholesterol. Recent studies have shown that Acholeplasma laidlawii, a mycoplasma species that contains no cholesterol in its membranes when grown in media devoid of cholesterol, will incorporate cholesterol into its membranes from LDL and HDL. 9 ' 10 Also, the fact that mycoplasma does not synthesize or esterify cholesterol, hydrolyze cholesteryl esters, or degrade either HDL or LDL protein makes it an ideal model membrane system with which to study the potential for cholesterol transfer from different lipoproteins. The purpose of the present study was to determine whether the free cholesterol of the abnormal hypercholesterolemic LDL has a greater potential for surface transfer to the model mycoplasma membranes than does that of normal LDL.
Methods

Isolation of Lipoproteins
Lipoproteins were isolated from the pooled plasma from the same normocholesterolemic and hypercholesterolemic male rhesus (Macaca mulatta) and cynomolgus monkeys {Macaca fascicularis), as described previously. 6 For isolation of lipoproteins, the animals were fasted overnight and blood was collected in ethylenediaminetetraacetic acid (EDTA) (1 mg/ml) and kept at 4°C during all subsequent procedures. The density of the plasma was adjusted to 1.080 g/ml with solid KBr and overlayered in the centrifuge tube with 4 ml of a 1.063 g/ml solution. Lipoproteins of density < 1.063 g/ml were isolated by ultracentrifugation in a Beckman L2-65B ultracentrifuge using an SW-40 rotor at 36,000 rpm (160,831 X g, average) for 24 hours; they were subsequently separated by chromatography on 4% agarose as described by Rudel et al. 11 The isolated LDL was concentrated and characterized as described previously, 5 including determination of lipid composition (phospholipid, triglyceride, cholesterol, cholesteryl esters), protein content, apolipoproteins by sodium dodecyl sulfate polyacrylamide gel electrophoresis, and molecular weight. The molecular weight of the LDL from normo-and hypercholesterolemic monkeys was determined as described by Rudel et al.' using a 125 l-labeled LDL of known molecular weight as an internal standard.
For certain experiments, 125 l-labeled normal or hypercholesterolemic LDL was utilized. The lipoproteins were iodinated as described previously, 6 with the final iodinated LDL preparations having a specific activity of 200 to 400 cpm/ng protein.
Mycoplasma Growth and Membrane Preparation
Acholeplasma laidlawii (Strain A) was obtained from the American Type Culture Collection, Rockville, Maryland. Cells were grown without agitation at 37°C in 1-liter batches of cholesterol-free medium 12 supplemented with 20 mg of oleic acid per liter. The oleic acid (Sigma) was dissolved in ethanol at a concentration of 4 mg/ml, and 5 ml of this solution was added to 995 ml of the culture medium. Cells were harvested in their log phase of growth. To maintain growth of the mycoplasma, 50 ml of a culture in the log phase of growth was used to inoculate 1 liter of fresh culture medium, and after 24 hours the cells were harvested for isolation of their membranes while still in the log phase of growth. This procedure was repeated until sufficient membranes were isolated.
The cells were separated from the culture medium by centrifugation at 4°C for 15 minutes at 12,000 X g using a Sorvall RC 2B centrifuge equipped with a Sorvall GSA rotor. The cell pel-let was washed once with 0.25 M NaCI prior to isolation of the membranes. Membranes were isolated by osmotic lysis against deionized water 13 after the cells had been loaded with glycerol. 13 The final membrane preparation was stored frozen (-20°C) in sterile balanced salt solution (BSS), pH 7.4, containing per liter, 8.0 g NaCI, 0.2 g KCI, 0.2 g KH 2 PO 4 , and 1.15 g Na 2 HPO<. A liter of culture medium yielded 10 to 14 mg of mycoplasma membrane protein when the absorbance of the culture medium was between 0.4 and 0.6 at 640 nm.
Cholesterol Uptake by Isolated Membranes
Incubations of lipoproteins and membranes were carried out at 37°C in 60 mm plastic petri dishes in BSS in a final volume of 2 ml. The dishes were placed in a humidified chamber and rotated gently on a New Brunswick Gyrotory Shaker at 80 oscillations per minute. After incubation, the contents of the dishes were transferred to a 4 ml polycarbonate centrifuge tube, trfe dish rinsed with 1 ml of BSS, and the rinse added to the tube. The membranes were separated from the culture medium by centrifugation at 4°C for 30 minutes at 48,000 X g in a Sorvall RC-2 centrifuge with a SM-24 rotor. The membranes were washed onoe with 3 ml of BSS and then with 3 ml of deionized water. After each wash, the membranes were pelleted by centrifugation as described above. After the final wash, the water was allowed to drain from the membrane pellet for 10 to 20 minutes at room temperature and then stored at -20°C. To measure the protein and cholesterol in the membranes, the pellet was suspended in 1 ml of water and then sonicated for 5 seconds at 35 W with a Heat Systems Sonifier fitted with a microtip. An aliquot of this suspension (0.2 ml) was taken for protein determination. Stigmasterol (10 ng) was added as an internal standard to the remaining 0.8 ml, the lipids extracted, and the cholesterol content was determined by gas liquid chromatography.
Analytical Procedures
Membrane and lipoprotein protein content were determined by the method of Lowry et al. 14 using bovine serum albumin as the standard. Lipids were extracted from the lipoproteins by the method of Folch et al. 15 and from the membranes by the method of Bligh and Dyer. 16 Phospholipid phosphorus 17 was determined after perchloric acid digestion of the extracted lipid, and the results multiplied by 25 to obtain the mass of phospholipid. Total cholesterol and triglycerides of the lipoproteins were measured using the Autoanalyzer II procedure. 18 The free and esterified cholesterol content of lipoproteins were determined by the same procedure following their separation by thin-layer chromatography on silica gel G using Skellysolve B, ethyl ether, and acetic acid (146:50:4) as the developing solvent. The total and free cholesterol content of the membranes was determined by the gas-liquid chromatographic method of Ishikawa et al. 19 using stigmasterol as the internal standard. Esterified cholesterol was calculated as the difference between total and free cholesterol. Separations were carried out using a Tracor 560 gas chromatograph equipped with flame ionization detectors and Columbia Scientific Industries CSI-38 digital integrators. Glass columns (4 feet long, 2 mm i.d.) were packed with 3% OV-17 on 100/120 mesh Gas-Chrom Q. Separations were carried out at a column temperature of 255°C, with an inlet and detector temperature of 300°C. Nitrogen carrier gas was maintained at a flow rate of 40 ml/min. All data points represent the average of duplicate incubations.
Results
The washed membranes used in these experiments contained from 0.24 to 0.41 mg of phospholipid per milligram of protein. No free or esterified cholesterol was detected by gas-liquid chromatography using methods capable of quantifying 0.1 ng cholesterol per milligram of protein.
In the experiments described in this report, normal or hypercholesterolemic LDL was incubated with the cholesterol-free A. laidlawii membranes, and the transfer of unesterified cholesterol from the LDL to the membranes was determined by measuring the amount of unesterified cholesterol associated with the membranes. To be assured that this procedure represented actual transfer of free cholesterol to the mycoplasma membranes, it was necessary to show that the membrane-associated free cholesterol was not simply the result of the binding or adsorption of intact LDL to the membranes. We determined the extent of the LDL contamination of the membrane in two ways. First, in preliminary experiments, 125 l-labeled normal and hypercholesterolemic LDL was added to the culture medium, and, after incubation, the amount of 125 I associated with the isolated membranes was determined. By knowing the ratio of 125 I to the free and esterified cholesterol of the LDL, and assuming that adsorbed 125 I-LDL retained its original complement of cholesterol, we were able to calculate the amount of cholesterol of the membranes resulting from LDL binding or adsorption. Second, since A. laidlawii membranes lack the potential for esterification of cholesterol, do not hydrolyze cholesteryl esters, and cholesteryl esters do not become incorporated into mycoplasma mem-branes, 10 the amount of cholesteryl ester associated with the membrane fractions also provided a measure of adsorbed LDL. Figure 1 shows the results of an experiment in which membrane-associated 125 l-labeled normal and hypercholesterolemic LDL, and free and esterified cholesterol, were measured on the same membranes after incubation for up to 72 hours with normal or hypercholesterolemic LDL. The total membrane-free and esterified cholesterol content were measured by gas-liquid chromatography (GLC); these data are shown in figure 1 A. From the membrane-associated esterified cholesterol, it was possible to calculate the maximum membrane-free cholesterol that could be due to adsorbed LDL. This value is also shown in figure 1 A. The increase in the total membrane-free cholesterol content was first detected after about 6 hours of incubation; this increase progressed until it reached a plateau at between 48 and 72 hours. At the 1-and 3-hour time points, from 50% to 100% of the membranefree cholesterol could be accounted for by the adsorbed LDL, while between 24 and 72 hours this value averaged 13% for normal LDL and 8% for hypercholesterolemic LDL. Figure 1 B shows a similar calculation of adsorbed LDL using 125 l-labeled LDL. The membrane-associated free and esterified cholesterol was calculated from the ratio of 125 I to the free and esterified cholesterol of the added LDLs. The membrane-associated free and esterified cholesterol calculated from the adsorbed 125 I-LDL showed a pattern similar to that determined from the membrane-esterified cholesterol. Although the 125 I-LDL data indicated somewhat less LDL contamination than did the cholesteryl ester content, both methods showed slightly greater contamination with normal LDL than with the hypercholesterolemic LDL. One explanation for the slightly greater amount of adsorbed LDL calculated from the cholesteryl ester content could be the presence of a protease associated with the A. laidlawii membranes that degraded LDL protein but left the cholesteryl esters somehow associated with the membranes. The results of an experiment to test this possibility are shown in table 1. Incubations were carried out for 72 hours at 37°C with 100 ng protein/ml of 125 l-labeled normal or hypercholesterolemic LDL, with or without A. laidlawii membranes. After incubation, the membranes were removed by centrifugation and the supernatant fluid made 5% (w/v) in trichloroacetic acid (TCA). The TCA precipitate was removed by centrifugation, and an aliquot of the TCA soluble supernatant fluid was counted for determination of LDL degradation. Proteolytic degradation could explain from 20% to 75% of the differential in the membrane-associated LDL calculated from 125 I-LDL versus the cholesteryl ester mass measurement.
As a result, in all subsequent experiments the mass of cholesterol transferred from LDL to A. laidlawii membranes was corrected using the cholesteryl ester content of the membranes as a measure of the amount of adsorbed LDL. The mass of free cholesterol transferred to the mem- brane was calculated by subtracting from the total free cholesterol content of the membranes the amount of free cholesterol associated with the adsorbed LDL, calculated from the known ratio of free to esterified cholesterol of that LDL.
The effect of lipoprotein concentration on the transfer of free cholesterol is shown in figure 2 . At an equivalent LDL particle concentration Figure 2 . Transfer of free cholesterol to mycoplasma membranes as a function of lipoprotein concentration. Mycoplasma membranes, 178 ng protein/ml, were incubated at37°Cfor72 hours with the indicated concentrations of LDL from normocholesterolemic (NLDL) or from hypercholesterolemic (HLDL) M. fascicularis. A. Lipoprotein concentrations expressed as molar concentrations, calculated from the measured molecular weights and the composition of the LDLs used in this experiment. For NLDL, the molecular weight of LDL was 2.6 X 10 6 , and for HLDL 4.32 X 10 6 . B. Lipoprotein concentrations expressed as the mass of lipoprotein free cholesterol. ure 2 A), more cholesterol was transferred from hypercholesterolemic LDL than from normal LDL. However, since hypercholesterolemic LDL contains more free cholesterol per particle than normal LDL, we also calculated the results on the basis of equivalent LDL free cholesterol concentrations (figure 2 B) . When expressed in this manner, there was no difference in the amount of free cholesterol transferred up to an LDL concentration of approximately 100 ^g free cholesterol/ml. At higher concentrations of LDL, there appeared to be a greater transfer from the hypercholesterolemic LDL, although there are insufficient data to know this with certainty.
The effect of incubation time on the transfer of free cholesterol to mycoplasma membranes is shown in figure 3 . Transfer rates were similar for both normal and hypercholesterolemic LDL for the full duration of incubation, and transfer reached completion at between 60 and 72 hours at a concentration of approximately 70 M9 ffee cholesterol/mg membrane protein.
As shown in figure 4 , after 72 hours of incubation with an excess of membranes it was possible to virtually deplete both normal and hypercholesterolemic LDL of free cholesterol. Under these conditions, mycoplasma membrane concentrations greater than 25 ^g protein//jg LDL free cholesterol were necessary for removal of 100% of the LDL free cholesterol within 72 hours. 10 20 30 40 50 Incubation Time (hr) 60 70 Figure 3 . Transfer of lipoprotein-free cholesterol to mycoplasma membranes as a function of incubation time. Mycoplasma membranes, 178 ^g protein/ml, were incubated for the indicated times with normal (NLDL) or hypercholesterolemic LDL (HLDL) at concentrations of 84.7 HQ LDL protein/ml. This is equivalent to an LDL particle concentration of 133 nM for NLDL and 106 nM for HLDL. The LDLs used in this experiment were the same as those described in figure  2 . Results are the mean of duplicate incubations. Figure 5 provides further evidence that the free cholesterol of both normal and hypercholesterolemic LDL is equally available for transfer to the mycoplasma membranes. In this experiment, membranes were added in large excess, and the amount of free cholesterol transferred was measured after only 6 hours of incubation, to obtain some measure of the initial rate (preequilibration rate) of transfer. These data suggest that the initial rate of transfer is similar for the free cholesterol of both normal and hypercholesterolemic LDL over a wide range of acceptor membrane concentrations.
An experimental design similar to that shown in figure 2 was used to determine the kinetics of free cholesterol transfer to mycoplasma membranes. From these data (not shown), the free cholesterol concentration required for one-half saturation of the membranes within 72 hours at 37°C was calculated. This concentration was virtually identical for both normal (41.6 /ug/ml) a n d hypercholesterolemic (41.8 n/m\) LDL. A lower particle concentration of hypercholesterolemic LDL (100 nM vs 162 nM for normal LDL), was required to achieve this rate of transfer due to the fact that hypercholesterolemic LDL contains more cholesterol per particle than does normal LDL. The maximum free cholesterol content of the membranes at saturation was approximately 60 Mg/mg of membrane protein and was similar to that shown in figure 3.
Discussion
At least two processes of cholesterol transfer from lipoproteins to cells have been described. The first, and best characterized, is that described by Goldstein and Brown 20 in which LDL binds to specific receptors on the plasma membrane, resulting in the internalization of the entire LDL particle by endocytosis and the ultimate delivery of cholesterol to the cell. Uptake of cholesterol by this mechanism is precisely controlled by the cellular cholesterol content, which, by a negative feedback mechanism, regulates the number of LDL receptors, thus limiting the further uptake of cholesterol by the cells. The LDL receptor mechanism undoubtedly plays a key role in normal cellular cholesterol homeostasis but, because of its highly regulated nature, it is difficult to envision how it could function in the pathological accumulation of cholesterol within cells such as that which occurs in atherosclerosis. Consequently, it is reasonable to postulate that other mechanisms may be responsible for the pathological accumulation of cholesterol.
One potential mechanism is the transfer of free cholesterol to cells independent of the net uptake of the lipoprotein. Such a mechanism could occur by surface transfer of free cholesterol from the lipoprotein to the plasma membrane. Such a process has been described for the movement of free cholesterol between lipoproteins and ce ll s ,8 -21~22 phospholipid vesicles and cells, 21 2324 and lipoproteins and phospholipid vesicles and mycoplasma membranes. 9 ' ia 25 26 The higher the cholesterol-to-phospholipid ratio, the greater the ability to enrich cells or membranes with cholesterol. 10 ' "• 2A - 25 27 Since the abnormal hypercholesterolemic LDL has an increased free cholesterolto-phospholipid molar ratio (0.84 vs 0.73) compared to normal LDL, 2 we postulated that the free cholesterol of the hypercholesterolemic LDL may have a greater potential for surface transfer to the model mycoplasma membranes.
The results of this study indicate, however, that the free cholesterol of the abnormal hypercholesterolemic LDL has a potential for transfer to mycoplasma membranes similar to that for the free cholesterol of normal LDL. Greater than 90% of the free cholesterol from both normal and hypercholesterolemic LDL was transferred to the membranes in 72 hours when the membranes were present in greater than 25-fold excess (membrane protein/LDL free cholesterol). This suggests that at least 90% of the free cholesterol of normal and hypercholesterolemic LDL is pres-ent in a single exchangeable pool. Consistent with the results of others, 910 this transfer occurred with very little if any loss of LDL phospholipid, indicating that the mechanism was by means of surface transfer rather than by fusion of the LDL with the mycoplasma membranes. This is consistent with the observation from this study as well as others 9 ' 10 that the enrichment of the mycoplasma membranes with free cholesterol could not be accounted for by the simple binding or adsorption of intact LDL to the membranes. There were, however, small amounts of 125 I-LDL that could not be separated from the washed membranes. In addition, small amounts of cholesteryl esters were also detected.
Cholesteryl esters have not been reported previously to be associated with A. laidlawii although they have been found in other mycoplasma species (e.g., mycoplasma hominis). 28 Furthermore, no cholesteryl esters were detected in the membranes before incubation with LDL. The small amount of cholesteryl esters observed by us most likely represent the cholesteryl esters of adsorbed LDL, although we cannot rule out some small proportion of the cholesteryl ester being derived by direct transfer from the LDL, since Deckelbaum et al. 29 have shown that as much as 3% of the LDL cholesteryl esters may be located on the surface of the LDL in association with phospholipids. Detection of cholesteryl esters in this study probably is the result of the greater sensitivity of the gas-liquid chromatographic procedure for cholesterol quantification versus the less sensitive colorimetric procedures used by others. 9 ' 10 ' M Studies by Slutzky et al. 10 have indicated that the initial rate of free cholesterol transfer to A. laidlawii membranes is the same for HDL and LDL but that the final level of cholesterol in membranes was greater for LDL than HDL. They postulated that the greater capacity of LDL to donate cholesterol was a function of its higher molar ratio of unesterified cholesterol to phospholipid, 0.7 to 0.8 for LDL versus 0.1 to 0.2 for HDL. Others have arrived at a similar conclusion in studying the transfer of free cholesterol from cholesterol-phospholipid vesicles to erythrocyte membranes. 2324 A similar relationship was not apparent for either the rate or capacity of free cholesterol transfer from normal or hypercholesterolemic LDL of this study. This may simply be due to the relatively small difference in the cholesterol-to-phospholipid ratio between normal and hypercholesterolemic LDL compared with the difference between LDL and HDL.
Even though no enhancement in the surface transfer of the free cholesterol from hypercholesterolemic LDL to the model mycoplasma membranes was seen, this does not exclude the possibility that differences in free cholesterol transfer to cells, independent of net LDL uptake, could play a role in the greater ability of hypercholesterolemic LDL to promote cholesterol accumulation in cells. It is possible that the model mycoplasma membranes used in these studies do not behave identically with the more complicated mammalian cell membranes in regard to surface transfer of free cholesterol. For example, the presence of LDL receptors on the plasma membrane could play an important role in facilitating cholesterol transfer, as initially suggested by Werb and Conn. 30 Recent evidence by Phillips et al. 21 has indicated that transfer of free cholesterol from cells to lipoproteins and between phospholipid vesicles takes place through the cholesterol in solution in the aqueous phase surrounding the cell. As a result, the rate-limiting process when an acceptor (such as the mycoplasma membranes) is present in excess would be the dissociation of the free cholesterol from the lipoprotein particle and its translocation, through the aqueous phase, to the plasma membrane of the cell. There is, however, a thick, unstirred water layer that surrounds cells and through which the cholesterol must pass before being taken up by the plasma membrane. 31 Consequently, the binding of LDL to receptors on the plasma membranes would be expected to facilitate the surface transfer of free cholesterol by virtue of reducing the effective thickness of the unstirred layer, thereby shortening the distance the free cholesterol must travel to reach the plasma membrane. It is also possible that the hypercholesterolemic LDL, by virtue of its larger diameter and higher affinity for binding to LDL receptors, 6 presents a greater surface to the plasma membrane than does normal LDL, thus facilitating the transfer of free cholesterol independent of the uptake of the intact LDL.
Finally, the flux of free cholesterol into cells by surface transfer would also be expected to be influenced by the rate of removal of free cholesterol from the plasma membrane. This could occur either by back transfer to the lipoprotein, or by removal to another cellular pool. Because of the high cholesterol-to-phospholipid ratio of the LDL relative to the plasma membrane, we would not expect significant back transfer of free cholesterol mass from membranes to LDL, although a one-to-one molecular exchange could occur. On the other hand, Werb and Cohn 30 have shown that the initial transfer of free cholesterol from lipoproteins to the plasma membranes of macrophages is followed by the translocation of the free cholesterol to intracellular membranes. This occurs without internalization of the LDL particle since macrophages are deficient in receptors for normal lipoproteins. 32 Consequently, if conditions were established under which cholesterol could more rapidly be transferred from the plasma membrane to the site of cholesterol esterification, the cells would be expected to esterify and accumulate more choles-terol as a result of surface transfer than under conditions in which these processes proceeded more slowly. Such a hypothesis is supported by the studies of Hashimoto and Dayton 33 and Rothblat et al. 34 in which incubation of either whole cells or isolated microsomes with hypercholesterolemic lipoproteins resulted in a greater increase in free cholesterol content and of stimulation in cholesterol esterification than with normal LDL.
The results of this study suggest that the chemical potential for transfer of free cholesterol from hypercholesterolemic LDL to mycoplasma membranes is not different from that of the free cholesterol from normal LDL. Thus, when present in the plasma at the same free cholesterol concentration, the surface transfer of free cholesterol from hypercholesterolemic LDL would not be expected to be any greater than from normal LDL. If present at the same particle concentration, however, greater surface transfer would occur from hypercholesterolemic LDL. The rate of surface transfer of cholesterol could be modified substantially by cellular factors such as LDL receptors and rates of cholesterol esterification.
